Background: In low-resource settings, where abortion is highly restricted and self-induced abortions are common, access to post-abortion care (PAC) services, especially treatment of incomplete terminations, is a priority. Standard post-abortion care has involved surgical intervention but can be hard to access in these areas. Misoprostol provides an alternative to surgical intervention that could increase access to abortion care. We sought to gather additional evidence regarding the efficacy of 400 mcg of sublingual misoprostol vs. standard surgical care for treatment of incomplete abortion in the environments where need for economical non-surgical treatments may be most useful. Methods: A total of 860 women received either sublingual misoprostol or standard surgical care for treatment of incomplete abortion in a multi-site randomized trial. Women with confirmed incomplete abortion, defined as past or present history of vaginal bleeding during pregnancy and an open cervical os, were eligible to participate. Participants returned for follow-up one week later to confirm clinical status. If abortion was incomplete at that time, women were offered an additional follow-up visit or immediate surgical evacuation. Results: Both misoprostol and surgical evacuation are highly effective treatments for incomplete abortion (misoprostol: 94.4%, surgical: 100.0%). Misoprostol treatment resulted in a somewhat lower chance of success than standard surgical practice (RR = 0.90; 95% CI: 0.89-0.92). Both tolerability of side effects and women's satisfaction were similar in the two study arms.
Background
Complications of pregnancy failure (spontaneous or induced abortion) are a major cause of maternal morbidity and mortality, particularly in low-resource settings where abortion is highly restricted and self-induced abortions are common [1] . In these countries access to post-abortion care (PAC) services, especially treatment of incomplete terminations, is a priority.
Standard post-abortion care has involved surgical intervention, such as dilatation and curettage (D&C) or vacuum aspiration (manual or electric), to complete uterine evacuation and prevent infection. However, in low-resource areas, surgical methods can be difficult to access due to a scarcity of trained providers, sterile surgical facilities, and/or inadequate transportation to higher level centers where surgical procedures are most often performed. Misoprostol, a drug which is easy to store and requiring no surgical skills to administer, provides an alternative to surgical intervention that could increase access to abortion care. It will also contribute to task-shifting efforts by enabling lower level providers to manage post-abortion care. This could be particularly helpful in places with limited human resources.
Misoprostol has been established as an effective alternative to surgical care; randomized trials comparing 600 mcg of oral misoprostol to manual vacuum aspiration (MVA) for treatment of incomplete abortion found comparable efficacy (91.0% -99% for misoprostol vs. 91.5% -100% for MVA) and equal or higher levels of satisfaction among women assigned to the misoprostol arms [2] [3] [4] [5] . An extensive review concluded that 600 mcg of oral misoprostol should be recommended for treatment of incomplete abortion [6] . An additional randomized study established 400 mcg of sublingual misoprostol as equally effective as the 600 mcg oral regimen with similar side effects and participant satisfaction [7] . Another study confirmed similar efficacy rates for 400 mcg sublingual misoprostol and MVA [8] . Using 400 mcg misoprostol instead of 600 mcg might mean significant cost reduction in treatment, particularly important in places where misoprostol is expensive relative to income levels.
We sought to gather additional evidence regarding 400 mcg of sublingual misoprostol vs. standard surgical care for treatment of incomplete abortion in the environments where need for economical non-surgical treatments may be most useful.
Methods
Data from one multi-site (Mauritania, Niger and Senegal) and two country-level (Burkina Faso and Nigeria) randomized trials comparing sublingual misoprostol to standard surgical care for treatment of incomplete abortion were combined. All women presenting to one of the study sites (located in Guédiawaye, Senegal; Nouakchott, Mauritania; Niamey, Niger; Ibadan, Nigeria; and Ouagadougou and Bobo Dioulasso, Burkina Faso), who lived or worked within 1 hour travel time, who had a confirmed incomplete abortion (spontaneous or induced), and who met the study criteria were invited to participate. An eligible incomplete abortion was defined as past or present history of vaginal bleeding during pregnancy and an open cervical os (if ultrasound not used) or evidence of incomplete abortion with substantial debris in uterus, if ultrasound used. Requirements for eligibility included no contraindications to the study drug, uterine size no larger than that consistent with 12 week gestation at time of presentation for care, no signs of severe infection, no hemodynamic disturbances, general good health, and willingness to provide contact information for purposes of follow-up. Women who were suspected of having an ectopic pregnancy were not eligible for the study. All participants would have been advised to have a surgical evacuation of the uterus if misoprostol were not available. Similar study protocols were approved by ethical review boards in each country a and all participants gave written, informed consent. The trials included in this paper are registered as two separate studies on clinicaltrials.gov (NCT00466999 and NCT01539408).
Participants were randomly assigned to either one dose of 400 mcg of sublingual misoprostol (200 mcg tablet × 2) (Cytotec W , Pfizer, USA) or a surgical evacuation of the uterus following standard practice at each hospital (MVA or D&C). (The multicenter sites were randomized together and the two country-level sites were randomized individually). Women assigned to the misoprostol group took the pills at the hospital and were instructed to hold the pills under their tongues for 30 minutes and then swallow any remaining tablet fragments. They were then discharged at the provider's discretion. Women assigned to the surgical arm received immediate surgical evacuations at the study hospital. Analgesics and antibiotics for participants receiving surgical treatment were given per each facility's clinical norms; no anesthesia was used during the procedures.
Participants were asked to return to the clinic 1 week later to confirm clinical status. In the event of continued heavy bleeding, an enlarged uterus, or any suspicion of an ectopic pregnancy, the woman was referred for ultrasound and follow-up care. If continued incomplete abortion was determined by clinical exam or by ultrasound in either of the study arms, women were given the option of an immediate surgical evacuation or returning for additional follow-up 1 week later to see if expulsion had occurred spontaneously. If, after the second followup visit, abortion was not complete, a surgical completion was performed. All women were advised that they could return to the study site at any time if complications arose, or if they had questions. Care throughout the study was provided by clinicians at all levels. In all sites except Mauritania and Nigeria, care was provided by midwives or nurses. In both these sites, care was mostly given by physicians although nurses and midwives were involved in counseling and follow-up. Only some clinicians at the Burkina Faso sites had previous experience with misoprostol for treatment of incomplete abortion [4] .
A sample size of 390 (195 per arm) was needed to detect a 5% one-sided difference between surgical (assumed to be 98% effective) and sublingual misoprostol with a 95% confidence interval and 80% power. Data on demographics, method outcome, side effects, and women's satisfaction with the treatment were combined from the 6 sites and analyzed using relative risk, chi-square, and independent t-tests as appropriate. Use of ultrasound and any necessary interventions were also documented and evaluated.
Data were entered in SPSS (Version 15.0, Chicago, IL). All analyses were conducted with Stata software (Version 11, College Station, TX).
Results
A total of 860 women were enrolled in the study between May 2007 and October 2010 ( Figure 1 ). Participants were randomly assigned to 1 of the 2 study groups: 480 to misoprostol and 380 to standard surgical treatment. (In Burkina Faso, the misoprostol arm was oversampled with a 2:1 allocation to gain additional experience in using this method). Twenty-one women were lost to follow-up before study completion and therefore are only included in the demographic analyses. We examined participant characteristics including age, parity, education, marital status, and abortion type (spontaneous or induced) ( Table 1) .
Treatment of incomplete abortion with both methods resulted in complete uterine evacuation for more than 9 out of 10 women. Efficacy with the misoprostol was slightly lower: 94.4% of the women who received misoprostol and 100% of the women who received surgical intervention had successful evacuations (RR = 0.90; 95% CI: 0.88-0.92) ( Table 2 ). The majority of the successful evacuations were confirmed at the first follow-up (91.8% (393/428) in the misoprostol arm and 99.4% (360/362) in the surgical arm; data not shown). There was variation in success with misoprostol by site, with completion rates ranging from 88.7% in Niger to 97.6% in Burkina Faso, where providers had previous experience using misoprostol for treatment of incomplete abortion. At the beginning of the study at three of the sites (Senegal, Niger, and Mauritania), many failures with misoprostol (the new treatment) were recorded; success rates increased considerably after the first month of misoprostol exposure as providers became more familiar with the method. At these sites, complete uterine evacuation was recorded for 76.2-86.2% of participants receiving misoprostol in the first month of recruitment and increased to 92.3-95.7% during the remaining months (data not shown). In Niger, all but 1 failure occurred in the first 3 months of recruitment (data not shown). And in Senegal, all but 1 failure occurred in the first 5 weeks of recruitment (data not shown).
Use of ultrasound to determine outcome was more likely to occur with women in the misoprostol arm than with those in the surgical arm ( Table 2 ). In Senegal, ultrasound use for misoprostol participants was required by the local ethics committee and was used in over 81% of the cases to confirm outcome. (Use decreased from 90% in the first half to 52% in the second half of the study). Among the other 4 sites, ultrasound use was also significantly higher in the misoprostol group (27.1% vs. 17.5%, p < 0.01).
Severity of side effects was similar for participants in the 2 study arms (Table 3) . Slightly more women in the misoprostol group than in the surgical group reported that side effects were tolerable or easily tolerable (misoprostol: 77.5%, surgical: 71.0%; p = 0.02); however, very few women in either study group reported side effects as severe or very severe (misoprostol: 7.7%, surgical: 5.0%). Although reports of pain and/or cramps were significantly greater in the misoprostol group (54.8% vs. 24.4%, p < 0.001), reports of tolerability of pain were greater in that group as well with 92.2% of the misoprostol group and 85.3% of the surgical group reporting that pain was "tolerable" or "very tolerable" (p < 0.01). Finally, where reported, almost all women in both groups reported that treatment was either "a little difficult" or "not at all difficult" and that the bleeding was "acceptable" or "very acceptable." Satisfaction with the procedure was very high in both study groups, with almost all women "satisfied" or "very satisfied" (Table 4 ). However, significantly more women in the misoprostol than in the surgical arm would select their method again (97.6% vs. 87.8%, p < 0.001) and would recommend their method to a friend (97.6% vs. 85.8%, p < 0.001).
Discussion
These data present yet another example of how misoprostol can be successfully incorporated into standard post-abortion care services [2] [3] [4] 6, 7] . The difference in side effects between the two groups is also comparable to what has been shown in similar studies [4, 5, 8] . Of note, the success rates for misoprostol at three of the sites were much higher after the first month of use. This "learning curve" for the clinicians offering misoprostol provides an excellent example of what may occur when misoprostol is first made available as a method of uterine evacuation in new settings.
The majority of surgical interventions in our study were initiated by women's concerns over the amount and/or duration of bleeding; it is certainly possible that at least some of the interventions would not have been carried out by a more experienced misoprostol provider. Given that most interventions were carried out in the early stages of the study, providers may also have been less comfortable with the new method. And providers' lack of comfort may have translated to women's unease with the process. Indeed, it is not uncommon to see success rates improve over time when misoprostol is first introduced; providers who have not previously used misoprostol for treating incomplete abortion (or for medical abortion) need to become accustomed to the process, particularly the bleeding patterns, in order not to intervene prematurely. For example, in a recent study of misoprostol for incomplete abortion in Ghana [9] , all failures occurred in the first half of the study (J. Taylor, personal communication, September 20, 2011). In Turkey, a study with a low rate of success with medical abortion was followed by a second study with a much higher completion rate after more extensive provider education and experience were provided [10, 11] . And in Table 3 Side-effects: % (n)* our study, Burkina Faso had the highest success rate both at the beginning of the study and overall, and was the only country to have previous experience with the method. This pattern suggests that when introducing misoprostol into new settings, additional focus should be placed on provider training as well as on provider follow-up and support to ensure that clinicians are fully comfortable with both the amount and duration of side effects, especially bleeding. As in many studies addressing abortion and/or postabortion care in settings with limited legal access to safe abortion care, some women were lost to follow-up. High rates of loss to follow-up are common with incomplete abortion treatment, particularly where cost and distance to care are substantial factors, as well as in settings where abortion is illegal [2, 5] . Moreover, cultural norms in some settings discourage seeking care when it is not necessary, suggesting that women with complications are more likely to return and those not returning are more likely to have had no further problems [5] . One proposed solution to poor in-clinic follow-up is to develop an at-home assessment tool with a symptom checklist to help women determine whether or not they need to return for further care [2] . Telephone follow-up could also be established to reduce the need for inperson assessment [12] .
Misoprostol
While the sites in this study were all secondary and tertiary level hospitals, the findings suggest a great potential for use of misoprostol at lower-level facilities where physicians are less available. As demonstrated in 4 of the 6 sites, physicians are not needed to provide PAC services: both counseling and provision of the medications were successfully provided by other clinicians such as nurses or midwives trained in treatment protocols. However, more attention to training in how to avoid unnecessary intervention would be beneficial. The option of a first line treatment at out-patient clinics could reduce the burden on higher-level settings where case loads are high and also increase access for women who may have difficulties reaching higher level care. This would facilitate task shifting and reduce the human resource burden in many countries.
This study supports previous research showing that ultrasound is not necessary for outcome assessment when treating incomplete abortion with misoprostol [13] [14] [15] . The majority of misoprostol cases were successfully evaluated without the use of ultrasound. And in Senegal, where ultrasound use was required, its use decreased substantially over the course of the study (as providers likely became more comfortable with the process), and clinicians relied more on clinical assessment alone. Misoprostol may be very appropriate in places where ultrasound is not available and/or where providers are not trained in ultrasound use.
There were limitations to this study including small sample size across different sites, the mandated use of ultrasound in Senegal, and the differences in standard of care at each location. However, regardless of these limitations, this research gives us a good overview of what service provision of misoprostol for treatment of incomplete abortion might be like in these settings.
Conclusion
The evidence is substantial and quite clear that misoprostol can be used safely, successfully, and satisfactorily for treatment of incomplete abortion. This observation is particularly important for locations where surgical interventions are less available and/or less acceptable. During the course of this study, the World Health Organization added misoprostol for incomplete abortion to their essential medicines list (EML) [16] . With the established success of both oral and sublingual routes, there are two viable misoprostol options for PAC services. In low-resource settings these protocols are critical for moving forward. Focus now needs to shift to program development and implementation, including more extensive provider training and assurance of drug availability. Programs created to translate the research into practice are critical to realize the potential for this technology to improve women's health. 
